The proposed model considers the products with finite shelf-life which causes a small amount of decay. The market demand is assumed to be level dependent and in a linear form. The model has also considered the constant production rate which stops attaining a desired level of inventories and that is the highest level of inventories. Production starts with a buffer stock and without any sort of backlogs. Due to the market demand and product's decay, the inventory reduces to the level of buffer stock where again the production cycle starts. With a numerical search procedure the proof of the proposed model has been shown. The objective of the model is to obtain the total average optimum inventory cost and optimum ordering cycle.
Introduction
With a view to solving the inventory problems, it is highly essential for the business institutions to obtain the economic order quantity (EOQ) and obtaining this quantity leads to reduce the total average inventory cost. This is why the business institutions emphasize on inventory management and solving inventory problems. The problem can only be solved if a suitable inventory model could be established which is fit for all the parameters concerned like, market demand, production rate, product's life, etc. The innovative EOQ model is, therefore, a highly demand on regular basis and when required in spite of having existence of huge number of inventory models. Inventory, indeed, is a stock of materials. Inventory problems are mainly related to the proper management of this inventory which can lead to minimize the inventory cost. Generally, we have two kinds of materials in our daily needs as far as damage, wastage, deterioration or decay is concerned. Items like radioactive substances, food grains, fashionable items, pharmaceuticals, etc. are the items of finite life and the items like electronic goods, steels, woods, etc. are the items of ling life. Due to the limited shelf-life and market demand, the stock level or inventory continuously decreases and the items in the inventory deplete or deteriorate. This deterioration affects the inventory and inventory cost increases. To make the inventory cost at optimum level i.e. to get the minimum inventory cost, a suitable inventory model is required to be formulated. An inventory model with linear demand, small amount of decay and constant production rate has been proposed in this paper to minimize inventory cost. Keeping the buffer stock as a reserve, the production is assumed to start and after certain periods at the highest level of inventory, it stops. In this model, we have considered constant production rate along with the deterioration, whereas the classical inventory models and many researchers use the instantaneous replenishment. Finally, by proving the convex property and using a numerical searcher procedure, the paper justified the correctness of the model.
Literature Review
Since long the researchers had been focusing on obtaining inventory models suitable to the needs in real life with a view to solving inventory problems. The problems are related with what will be the pattern of demand in the market, what may be the production rate of the business institutions, whether there will be finite life of the products, whether backlogs or shortages and delay in payments are allowed etc. Many researchers have structured various types of inventory model basing on the situation or the market demand. It may arise different types of demands in the market. Demand may be linear, quadratic, exponential, time dependent, level or stock dependent, price dependent etc. Considering all the parameters the inventory model is designed. There are two types of models in this field which covers all the parameters mentioned above. One is deterministic model which deals with the constant demand and lead time; the other one is stochastic or probabilistic model which deals randomly with the variable demand and lead time. In this review of the literature, mostly the inventory models with deterministic demand have been discussed. Determining EOQ is one of the most important factors to formulate the inventory model. The ultimate aim of formulating the model is to minimize the inventory cost by finding the EOQ. Harris [1] was the first researcher to study the inventory model. The new horizon is opened in the field of the inventory control management since he presented the famous EOQ formula. Whitin [2] developed the inventory model for the first time which was suitable for fashionable goods considering its little decay in the inventory. Ghare and Schrader [3] first pointed out the effect of decay in inventory analysis and discovered the economic order quantity (EOQ) model. They showed the nature of the consumption of the deteriorating items. Skouri and Papachristos [4] discussed a continuous review inventory model considering the five costs as deterioration, holding, shortage, opportunity cost due to the lost sales and the replenishment cost due to the linearly dependency on the lot size. Chund and Wee [5] developed an integrated two stages production inventory deteriorating model for the buyer and the supplier on the basis of stock dependent selling rate considering imperfect items and just in time (JIT) multiple deliveries. Applying inventory replenishment policy Cheng and Wang [6] expressed the inventory model for deteriorating items with trapezoidal type demand rate, where the demand rate is a piecewise linearly functions. Hassan and Bozorgi [7] developed the location of distribution centers with inventory. Sarker et al. [8] explained an inventory model where demand was a composite function consisting of a constant component and a variable component proportional to inventory level in a period in which decay was exponential and inventory was positive. Tripathy and Mishra [9] discuss the inventory model with ordering policy for weibull deteriorating items, quadratic demand, and permissible delay in payments. Khieng et al. [10] presented a production model for the lot-size, order level inventory system with finite production rate and the effect of decay. Ekramol [11] [12] considered various production rates assuming the demand is constant. Mishra et al. [13] explained an inventory model for deteriorating items with time dependent demand and time varying holding cost under partial backlogging. Ukil [14] discussed the effect of just in time manufacturing system on EOQ model. Sivazlian and Stenfel [15] determined the optimum value of time cycle by using the graphical solution of the equation to obtain the economic order quantity model. Shah and Jaiswal [16] and Dye [17] established an inventory model by considering demand as a function of selling price and three parameters of Weibull rate of deterioration. Billington [18] discussed classic economic production quantity (EPQ) model without backorders or backlogs. Pakkala and Achary [19] established a deterministic inventory model for deteriorating items with two warehouses, while the replenishment rate was finite, demand was uniform and shortage was al-lowed. Abad [20] discussed regarding optimal pricing and lot sizing under conditions of perish ability and partial backordering. Sing and Pattanak [21] - [23] developed the model for deterioration and time dependent quadratic demand under permissible delay in payment, whereas we have used the demand of linear trend but ignoring the payment aspect. Amutha and Chandrasekaran [24] formulated the inventory model with deterioration items, quadratic demand and time dependent holding cost, but in our proposed model, we have emphasized on the production rate, linear type of demand and constant holding cost. Ouyang and Cheng [25] explained the inventory model for deteriorating items with exponential declining demand and partial backlogging. Dave and Patel [26] introduced an inventory model for deteriorating Items with time proportional demand, but we have considered the demand which is level dependent and a type of linear trend. Teng et al. [27] developed the model with deteriorating items and shortages assuming that the demand function was positive and fluctuating with respect to time, but in the proposed model, the demand was considered as a linear function and production starts with a buffer stock as a reserve. The previous model established various types of inventory models considering several parameters which did not consider the production rate, linear demand along with the buffer stock. Here comes the necessity to build the proposed model.
Assumptions and Notations
• Production rate λ is constant and greater than demand rate at any time. For unit inventory, amount of decay rate µ is very small and constant.
• Production starts with a few amounts of items in the inventory as a buffer stock.
• Inventory level is highest at a specific level and after this point, the inventory depletes quickly due to demand and deterioration.
• Shortages are not allowed. • ( ) I θ = Inventory level at instant θ . 
Formulation of the Model
Basing on the demand pattern, the business institution decides the structure of the model (Figure 1) . This demand very often changes because of various reasons. In reality, the demand may at times the demand be dependent on the level or the stock on hand in the inventory. To meet this type of situation, this model is developed. The model is suitable for those kinds of products which have finite shelf-life and ultimately causes the products decay due to its limited life. At the beginning, while time 0 T = , the production λ starts with Q inventories and the production remains constant for entire production cycle.
The inventory increases at the rate of below: Using the Equation (1) and considering up to second degree of µ for our convenience, the total undecayed inventory during 0 
We calculate the deteriorating items during the period considering the decay of the items as below:
On the other hand, the inventory decreases at the rate of
T as there is no production after time 1 t . The inventory depletes due to market demand and the deterioration of the items. Similar approach as used before can be applied to get another differential equation which is as follows: 
Now, using Equation (5) and considering up to the first degree of µ we get the un-decayed inventory during 
Considering the decay of the items, we calculate the deteriorating items during the period as below:
From Equations (2) and (6), we get,
Considering the value as
We construct the following equation with the help of Equation (9) By substituting the Equations (3), (4), (7), (8) and (11) in (12), we get the value of total average inventory cost as below, 
Now with a view to obtaining the total time cycle 1 T that minimizes the total average inventory cost for the inventory system we shall adopt the convex property. The total average inventory cost is depicted by the equation no (13) . To obtain the optimum time cycle and verify Equation (13) as convex in 1 T , we must satisfy the following well established convex property,
Now differentiating Equation (13) with respect to 1 T we get the following equation,
Putting the value of Equation (14) in the convex property (i) and then using (10), we get
Now with the help of Equations (11) and (15), we get the value of 1 t as below,
Again differentiating Equation (14) with respect to 1 T , we get,
From Equation (17) we come to an end that the convex property (ii) is satisfied, i.e. T both is positive. Finally, we conclude that total cost function (13) is convex in 1 T . Hence, there is an optimal solution in 1 T for which the total average inventory cost must be minimal.
Numerical Search Procedure
According to the result in section 5, we give an example that may illustrate how the numerical search procedure works. Suppose that there is a product which is a linear function in the inventory system and adopts the following parameters: We now put all the values in Equations (15), (16), (2) and (13) 1 T arbitrarily either bigger or lesser than 1 T * , we get the inventory cost gradually increased from the minimum inventory cost at optimum level, which is show in Table 1 and Figure 2 . The table and figure justify the total average optimum inventory cost. If we analyze the table and figures we can observe that in a particular point total inventory cost is minimal and the order interval is optimum.
Sensitivity Test
Now, how the inventory system or the solution is affected by even a little changes of parameters , , , , Q a b h λ and Table 2 by adding and subtracting respectively, we see the effect on the on the optimal time 1 t * at maximum inventory level, optimum length of ordering cycle 1 T * , optimal order quantity 1 Q * and the total average optimum inventory cost * TC per unit time. While the change of one parameter take place, the other parameter must remain unchanged. Table 2 shows the effect or the sensitivity. 
Conclusion
Because of the development of inventory management in the present age, the business institution cannot think its cost minimization without the proper use of it. By the proper use, management and thereby developing the suitable inventory models, the business enterprise can save its huge inventory cost. Before using model the enterprise needs to know the actual pattern of demand in the market. This demand always fluctuates. The suitable model is developed by considering the actual demand. The inventory model we have proposed in this paper is dependent on the stock, even we have considered buffer stock. Hence, the stock goes out due to any unavoidable circumstances, demand could still be met. The model also considers the deterioration, so due to the finite shelf-life of the items this model gives the correct. In the proposed model, the production rate and the decay have been considered constant through. The model develops an algorithm to determine the optimum ordering cost, total average optimum inventory cost, optimum time at maximum inventory level and optimum time cycle. The model could establish that with a particular order level 1 70.442 Q * = , the total average optimum inventory cost * 52.189 TC = units.
